Background: Oral squamous cell carcinoma (OSCC) is an important malignancy throughout the world; early detection is an important criterion for achieving high cure rate. Out of the many reported markers for OSCC, this study validated the efficacy of tumor necrosis factor-α (TNF-α) in differentially diagnosing premalignant oral lesions and OSCC. Also, the study aimed to correlate the levels of salivary and serum TNF-α with clinicopathologic factors. Materials and Methods: A prospective experimental laboratory study was designed. Serum and salivary samples from 100 subjects in each group of healthy control, premalignant disease (PMD) and OSCC were collected for the study following appropriate exclusion and inclusion criteria. Serum and salivary level of TNF-α was analysed by enzyme linked immunosorbent assay. The data obtained were subjected to appropriate statistical analysis. Results: Increased level of both serum and salivary TNF-α was observed in OSCC subjects compared to healthy control and PMD group. Receiver operator characteristic curve analysis and area under curve values showed high specificity and sensitivity for salivary TNF-α in differentiating OSCC from PMD and healthy controls. There was significant increase in TNF-α level in moderately and poorly differentiated lesion compared to well differentiated lesion and in stage IV of clinical stage. A positive correlation was observed only with histological grading of OSCC and TNF-α. Conclusions: Salivary TNF-α is proved to be superior for detecting OSCC. Increase in TNF-α with histological grading and clinical staging suggests a role in prognosis.
Introduction
Oral cancer is a major global health problem afflicting close to 300,000 people each year (Johnson et al., 2011) . Malignant tumors of the oral cavity account for approximately 30% of all head and neck cancers, and 80% of these tumors are oral squamous cell carcinoma (OSCC). OSCC typically undergo rapid disease progression, though a subset exhibits slow progression and may live over a five year period from symptom onset and tumors acquire this phenotype by using (Warnakulasuriya, 2010) multiple mechanisms for escape, including defective antigen presentation, interference with tumor-T cell interaction, and production of immunosuppressive factors . Carcinogens, which are present in high concentration in tobacco and its products, are the leading cause of oral cancer and their incidence has increased in most countries over the last four decades (Vijaya et al., 2012) . Despite the development of drugs that can bring about improvements in prognosis, survival and quality an often lengthy diagnostic process based predominately on clinical criteria and histopathological analysis of oral biopsy, the only available gold standard for detecting and confirming oral cancers. This is not only time consuming and requires experts but is also expensive to be used during screening programs. For this reason, diagnostic biomarkers for OSCC must be identified and validated to maximize treatment efficacy for future patients. This issue is of paramount importance given that therapies and outcomes greatly enhance when oral cancer is detected early in patients who are followed up for screening of oral cancer. Thus, there is an unmet need for clinical or laboratory tools distinguishing between the premalignant lesion/condition and OSCC.
To date no single clinical or biological indicator of OSCC has gained unanimous acceptance, although several attempts have been made to correlate salivary analyte with OSCC and patient prognosis. Though numerous pro-inflammatory mediators including IL-10 ( Marzieh et al., 2013) have been extensively studied and have shown promise as candidate biomarkers, none have been fully validated or integrated into clinical practice (Shankar et al., 2012; Krishna et al., 2013; . One protein that has shown potential for OSCC diagnostic utility is tumor necrosis factor-alpha (TNF-α), a widely expressed pro-inflammatory cytokine, that is more abundant in saliva than in plasma (Kurokawa et al., 1998; .
Tumor necrosis factor-α is a pleiotropic cytokine, which acts on a large variety of cells with wide ranging effects on individual cells. Amongst the haemopoeitic actions of TNF, are the activation of macrophages/ monocytes, lymphocytes, neutrophils and the promotion of coagulation. It has a dual role in NK cells depending on the target cell (Pfeffer, 2003; Morrison et al., 2005; Romero-Reyes et al., 2007) . TNF-α is a cytokine that is produced early in the inflammatory cascade and has been shown to promote carcinogenesis (Watanabe et al., 1988; Komori et al., 1993; Jablonska et al., 1998) .
TNF-α is processed through the secretory pathway, and is reported to be involved in various pathogenic pathways of OSCC (Su et al., 2004; Lee et al., 2012) . Various studies have demonstrated the diagnostic and prognostic utility of serum and salivary TNF-α for oral cancer detection (Kurokawa et al., 1988; Jablonska et al., 1998; Nakano et al., 1999; SahebJamee et al., 2008; Hsiao et al., 2009; Juretic et al., 2013) . The role of TNF-α gene and its promoter polymorphisms has been an area of intensive research and has been studied as a potential determinant of disease susceptibility. A meta-analysis conducted suggested that there is increasing evidence that TNF-α polymorphisms may contribute to the risk of oral cancer and the development and spread of cancer (Cheng, 2013; Fang-Chun et al., 2013) .
However, further studies are required to confirm and validate the diagnostic accuracy of TNF-α measurements in screening of OSCC in a population with higher prevalence of premalignant disease due to tobacco chewing/smoking habits. Also, there is lack of evidence of specificity and sensitivity of this marker with regard to detecting OSCC. Thus, with the above facts, the objective of this study was to evaluate the utility of TNF-α as a biomarker for distinguishing between premalignant diseases (PMD included leukoplakia and submucous fibrosis) and malignant OSCC using a large study population. We evaluated TNF-α in both saliva and serum as a candidate diagnostic biomarker, and correlated levels of TNF-α with various clinicopathologic factors of OSCC subjects.
Materials and Methods

Study subjects recruitment
The recruitment of study subjects were done at outpatient department of SRM dental college, referrals from SRM General Hospital and private dental clinics, Chennai during January 2009 and December 2012. Study subjects were recruited by professionally qualified, well trained and experienced Oral Pathologists. The demographic details and information on previous history were collected.
Exclusion and inclusion criteria for study subjects
Healthy control group: The study subjects were recruited from student and staff volunteers from SRM Dental College and Hospital. Subjects were recruited with the following eligibility criteria: ages 18-65, male or female, no current use of prescribed or non-prescribed medication, no chronic/acute illnesses, no oral lesions no acute or sub-acute inflammation or infection, no pathological dry mouth syndrome, or inability to collect sufficient saliva samples on a reliable basis. Pregnant and lactating subjects were also excluded.
PML group: The study subjects were recruited from outpatient department of SRM dental college, referrals from SRM General Hospital and private dental clinics, Chennai. Subjects were recruited with the following eligibility criteria: ages 18-91, male or female, comprised of patients who had oral potentially malignant lesions/ conditions which were clinically diagnosed and later histopathologically confirmed and who were not undergoing or having undergone any form of treatment for these lesions. Patients with underlying systemic illnesses and presence of oral inflammatory conditions such as gingivitis, periodontitis, and oral ulcers were excluded.
A total of 159 subjects were screened for potentially malignant lesion, before confirming the lesion with histopathological analysis, required amount of saliva and blood was collected and stored. Only samples of confirmed cases with potentially malignant lesion were included in the study. Due to rarity of erythroplakia occurrence in South India region, only leukoplakia and oral submucous fibrosis (OSMF) as potentially malignant lesions were included for the study. 50 in each group (leukoplakia and OSMF) were included for the study. Diagnosis of OSMF was made on the basis of clinical symptoms like difficulty in opening of mouth, palpable fibrotic bands and the lesions were graded with an established clinical grading system. OSCC group: The study subjects were recruited from outpatient Department of SRM Dental College, referrals from SRM General Hospital and private dental clinics, Chennai. Subjects were recruited with the following eligibility criteria: ages 18-91, male or female, comprised of patients who had oral squamous cell carcinoma which were clinically diagnosed and who were not currently undergoing or having undergone any form of definitive therapy for OSCC in the form of radiation, chemotherapy or any other adjunctive treatments. Before confirming with tissue histopathological analysis, the required amount of saliva and blood was collected and stored. Sample was collected from total of 139 subjects, out of which 39 were excluded for various reason, either non-confirmed OSCC by tissue biopsy or had other systemic illness apart from OSCC.
All oral lesions and conditions which report to the Outpatient department are subjected to routine exfoliative cytology studies with Papanicoloau stain and potassium hydroxide stain to rule out presence of candida hyphae.
Sample collection
Saliva collection: Saliva samples were collected between 9 and 11 A.M under non stimulatory condition. Participants were asked to refrain from eating, chewing and drinking at least one hour before collection. Subjects were asked to rinse out their mouth with water at least 5 min prior to saliva collection. Saliva samples were collected over a period of about 15 min in sterile plastic container. Samples were obtained by requesting subjects to swallow first, tilt their head forward, and expectorate all saliva into the centrifuge tubes for 10 min without swallowing. Following collection, the saliva was immediately centrifuged in a cooling centrifuge at 1800 rpm for 10 minutes at 4°C to remove debris. The resulting supernatant was separated into 1 ml aliquots and stored at -80°C freezer for further analysis. No more than one freeze-thaw cycle was allowed for each sample.
Blood collection and serum separation: 5 ml of peripheral blood were drawn from subjects using standardized phlebotomy procedures and allowed to clot. Handling and processing was similar for all three groups of patients. Blood samples were collected without anticoagulant into 10 ml centrifuge tubes and allowed to coagulate for 1 hour at room temperature. Sera were separated by centrifugation in a cooling centrifuge at 1500 rpm for 10 min at 4°C and all specimens were immediately aliquoted, frozen, and stored at -80°C freezer. No more than one freeze-thaw cycle was allowed for each sample.
Histopathological grading
The slides were observed under light microscope (4-40 X magnification) by experienced and skilled oral pathologist. Histopathological grading was done based on the following grading systems: i) OSMF-according to Pindborg and Sirsat (Pindborg et al., 1966) , ii) Leukoplakia-according to WHO grading of epithelial dysplasia (Warnakulasuriya, 2001) , iii) OSCC according to Modified Anneroth grading system (Anneroth et al., 1987) .
All the specimens were blinded and two independent observers reviewed the histopathological specimens of OSMF, leukoplakia and OSCC. Inter observer variability was evaluated by k statistics and substantial agreement was arrived at. Very few cases which had disagreements were assessed with a consensus scoring system by a panel of pathologists
Clinical staging
Further clinical staging was done in OSCC confirmed subjects using computerised tomography scan and were classified based on TNM staging (Patel et al., 2005) .
TNF-α estimation
Concentrations of salivary and serum TNF-α were quantified by commercially available ELISA kit (Syntron Bioresearch In., USA). The assay was carried out according to the manufacturer's instruction.
Briefly, the kit was based on sandwich ELISA method and procedure is as follows; to the precoated TNF-α antibody microplate, standards and sample were added, incubated (for 2 hours) and washed with buffer. To the washed plate detection antibody bound with horse radish peroxidase conjugate was added. The unbound antibody was washed and a chromogen substrate was added to the wells resulting in the progressive development of a blue coloured complex with the conjugate. The colour development was then stopped by the addition of stop solution turning the resultant final product yellow. The intensity of colour developed is proportional to the TNF-α present which was measured in a microplate reader (Robonik ELISA plate reader) at a wavelength of 450nm. The optical density obtained was then used for calculation of TNF-α present in each sample. The detection range of the kit was from a minimum of 25pg to a maximum of 1000pg/ml. The results were expressed as pg/ml of saliva or serum.
Statistical analysis
All statistical procedures were performed with SPSS version SPSS 18.0 (PASW statistics). Data were tested for normality using Shapiro-Wilk's test. Descriptive statistics (mean, median, interquartile range, standard deviation and standard error mean) was calculated. For data not normally distributed, nonparametric analyses were employed to assess differences between groups. The Kruskal-Wallis analysis of variance and the Mann-Whitney U test were used to evaluate differences between multiple group, and unpaired observations, respectively. Correlations were evaluated using the Spearman rank test. Graphs were plotted using GraphPad Prism for Windows ver. 5.0 (GraphPad Software, San Diego, CA, USA).
Receiver operator characteristic (ROC) curve analysis was performed, and the best cut off point was determined by the highest positive likelihood ratio (PLR) (sensitivity/ [1-specificity]). The best cut-off value was defined as the test result with the highest sensitivity and specificity and that lied closest to the left upper corner of the curve. The area under the curve presented a direct measure of the diagnostic accuracy of the test. p<0.05 was considered statistically significant.
Results
Characteristics of study subjects
Demographic details of the patients are outlined in Table 1 . Briefly age and sex matched 100 control subjects, 100 premalignant lesions which included 50 each of leukoplakia and OSMF and 100 OSCC subjects were included. All the premalignant and OSCC subjects either had tobacco/pan chewing/smoking or alcohol intake habits. The potentially malignant lesion were from buccal mucosa (n=52), vestibule (n=4) together in buccal mucosa and vestibule (n=35), alveolar mucosa (n=3), palate (n=2), tongue (n=4). Similarly, the OSCC lesion were from buccal mucosa (n=64), alveolar mucosa (n=11), palate (n=4), tongue (n=19) and lip (n=2). Based on the histopathological grading of OSCC, 36 patients had well differentiated, 31 had moderately differentiated and 33 had poorly differentiated lesion. Also, the OSCC patients were categorized by clinical staging. There were 32 patients in stage I, in stage II there were 25 subjects, 25 subjects were categorized as in stage III and 11 patients were in stage IV. The study population in all the groups were predominantly males.
TNF-α levels in serum and saliva of OSCC and PML/C groups
The serum and salivary levels of TNF-α in OSCC and PML/C in comparison to control subjects are shown in Figure 1 A and B , respectively. The levels of serum TNF-α showed a significant increase (p<0.01) in the PML/C group (PML; median: 165.8, range: 130.1-325.3, PMC; median: 164.7, range: 108.2-224.2 pg.ml) compared to control (median 3.9 pg/ml, range: 0.4-11.4 pg/ml). However, the level of serum TNF-α in the OSCC group (median 190.3 pg/ml, range: 101.7-591.7 pg/ml) were significantly greater than either PML/C (p<0.05) or control (p<0.05). Similar trend was observed with the salivary TNF-α levels ( Figure 1B) The statistical significance is shown as *when compared within group, #when compared with healthy control group and $ when compared with PML/PMC group. p<0.05 was considered to be statistically significant DOI:http://dx.doi.org/10.7314/APJCP.2014.15.17 
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increase with regard to salivary TNF-α level than serum TNF-α level in control and PML/C (Figure 2 ).
Serum and salivary TNF-α levels based on histological grading
For 100 patients with OSCC, TNF-α concentrations were compared according to histological differentiation (Figure 3 A and B) . Median and interquartile range of serum TNF-α concentrations were 178.3 (105.8-284.3), 197.8 (101.7-582.8) and 219.5 (116.5-591.7) pg/ml for well differentiated, moderately differentiated (MD) and poorly differentiated (PD) lesions, respectively. The median and interquartile range of salivary TNF-α levels were 281(120.3-390.4), 293.9(178.5-593.8) and 310.2 (195.7-544.4 ) pg/ml for WD, MD and PD lesions. Significant difference in TNF-α was noted with MD (p<0.05) and PD (p<0.01) when compared with WD in both serum and saliva. No significant difference with serum and salivary TNF-α levels were found depending on type and histological grading in PMD (data not shown).
Serum and salivary TNF-α levels based on clinical staging in OSCC
The level of TNF-α in serum and saliva were also compared based on the clinical staging of OSCC patients (Figure 4 A and B 190.2-390.4 ) and stage IV is 501.4 (390.1-593.8) pg/ml, respectively. In both, serum and salivary TNF-α levels were significantly increased in IV (p<0.01) compared to all other stages.
Diagnostic utility of salivary TNF-α versus serum TNF-α
ROC curve analyses revealed that salivary TNF-α could serve as valuable biomarker for differentiating PMD from OSCC with an AUC of 0.981 (95%CI: 0.968 -0.995). On the other hand serum TNF-α showed an AUC of 0.865 (95%CI: 0.822-0.908) ( Figure 5 ). Significant difference between salivary and serum AUC was found (p<0.001). At a cut-off value of 175pg/ml, the salivary TNF-α showed a sensitivity and specificity of 97% and 83%, respectively. Contrarily, with the same cut off value of in serum, the specificity and sensitivity was reduced to 75% and 72% respectively). Table 3 represents the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of serum and salivary TNF-α, above 85% of both PPV and NPV was observed only in salivary TNF-α.
Clinicopathologic correlation with serum and salivary TNF-α
The level of TNF-α in serum and saliva was correlated with clinicopathologic factors using the univariate analysis employing Spearman rank test and is illustrated in Table  4 . Clinicopathologic factors included for correlation were, age, sex, habits, site of lesion, histopathologic grading and clinical staging. No significant correlation between age, sex, habit and site of lesion and serum/salivary biomarker levels. A positive significant correlation was found only 
Discussion
Oral cancer is generally diagnosed at advanced stages of the disease. Most OSCC is not diagnosed until an advanced stage, which has been one of the major reasons for minimally improved survival rate over the years (YiShing, 2011) . Moreover, the fact that the survival of the patients with stages I-II of the disease ranges from 60% to 80% suggests the potential for a high treatment rate with earlier detection of the disease (Patton et al., 2008; Mehrotra et al., 2011) .
Clinically, it is important to note that the therapeutic modality currently offered to patients with OSCC is based on traditional stage predicted indices [based on tumor node metastasis (TNM) criteria] and on histological grading. Unfortunately, these predictors are subjective and often lack sensitivity and hence are relatively unreliable, as often two tumors with identical staging and grading behave in different fashions, and although one responds to therapy, the other is lethal. Furthermore, these methods do not reflect the aggressiveness of tumors, prognosis, and response to therapy (Rafael et al., 2006) .
Consequently, there is a need to devise critical tools for the early detection of OSCC and this is associated with finding specific markers of oral tumors. Unfortunately, neither aetiology nor pathogenesis of OSCC is still completely known even though there is intensive research of the disease. A better knowledge of the disease has led to the study of newer biological or molecular diagnostic factors that may complement or even replace some of the less objective convectional parameters. One of the proteins that have shown potential for OSCC diagnostic utility is TNF-α, a widely expressed pro-inflammatory cytokine during transformation and progression of oral cancers (Jablonska et al., 1998; Kurokawa et al., 1998; Nakano et al., 1999; Jablonska et al., 2001) .
TNF-α is processed through the secretory pathway, and, is reported to be involved in various pathogenic pathways of OSCC (Romero-Reyes et al., 2007; Hohberger et al., 2008; Lee et al., 2012) . It is known that the TNF-TNF receptor system plays an important role in inflammation, angiogenesis, programmed cell death, and proliferation, which are all crucial components in malignant transformation (Romero-Reyes et al., 2007; Hohberger et al., 2008) . Its anticancer property is mainly through inducing cancer death (Curnis et al., 2002; Partheniou et al., 2001 ). However, TNF-α also stimulates proliferation, survival, migration and angiogenesis in most tumors that are resistant to TNF-α induced cytotoxicity, resulting in tumor promotion (Nakano et al., 1999; Arnott et al., 2002; Il'yasova et al., 2005) . TNF-α is a doubleedged sword that could be either pro-or anti-tumorigenic. Various research reports strongly suggests that TNF-α and its soluble receptors could be useful in many types of cancer detection and staging or predicting prognosis including oral cancers (Dobrzycka et al., 2009; Fuksiewicz et al., 2010; Kotowicz et al., 2010) .
TNF-α produced in oral cancers may be able to promote tumorigenesis by increasing local vasculature and by inducing tissue remodelling (Arnott et al., 2002) . Production of TNF-α by OSCC cells could result in resistance to the cytotoxic action of host derived TNF-α or exogenous recombinant TNF-α administered in a therapeutic setting. TNF-α has been used in several clinical trials in cancer patients and has resulted in no significant improvements in survival (Sherman et al., 1988; Daniel et al., 2008) . Local production by tumor cells and their consequent resistance may in part explain these disappointing results. The present study also proves that local production of TNF-α is high as reflected by significantly high salivary TNF-α level compared to systemic levels (serum TNF-α). This is in concordance with various other earlier reported studies (Jablonska et al., 1997; Kurokawa et al., 1998; Nakano et al., 1999; SahebJamee et al., 2008) .
There are few studies that have addressed the diagnostic potential of routine TNF-α measurement in screening of OSCC. showed that TNF-α, IL-1α, IL-6, and IL-8 were elevated in the whole unstimulated saliva of subjects with OSCC compared with PML and controls . In another study they analyzed and compared the level of TNF-α, IL-1, 6 and 8 in whole unstimulated saliva among oral lichen planus patients with dysplasia and individuals of control and OSCC. In moderate and severe dysplasia, the level of each cytokine was significantly higher than control. Mahnaz Saheb Jamee et al., 2008 studied the concentrations of TNF-α, IL-1, 6 and 8 and concluded that the concentration of salivary cytokine in OSCC was higher than control group (SahebJamee et al., 2008) . But, there are no studies in a population like India with higher prevalence due to tobacco chewing/smoking habits and little is known about the sensitivity and specificity of this marker. Hence, the present study has addressed this issue. In accordance with the previous studies Brailo et al., 2006; SahebJamee et al., 2008) , the results of the present study demonstrate higher level of TNF-α production in OSCC compared to premalignant disorder and healthy control subjects, specifically salivary TNF-α is significantly higher than serum level in OSCC groups. Also, ROC curve analysis along with diagnostic parameter calculation reveals salivary TNF-α to be a better medium for detecting OSCC. Furthermore, correlation studies showed a positive correlation with histological grading in OSCC. No other clinicopathologic factors showed any significant correlation with TNF-α level in serum or saliva. However, a significant increase of serum and salivary TNF-α level in Stage IV of clinical staging denotes that it is involved in accelerating the disease progression. Similar observation was reported by Jablonska et al. (1997) wherein they observed a relation between clinical staging and increase in serum TNF-α level in oral cavity cancer (Jablonska et al., 1997) . TNF-α has also been shown to be a potential monitoring molecule for transformation of premalignant to malignant condition in oral cancer (Brailo et al., 2012; Juretic et al., 2013) . Thus, the results of the present study also substantiate the observation of earlier reports wherein we observed a significant increase in TNF-α in premalignant disorder group but the increase was significantly lower than OSCC group. The difference between serum and salivary TNF-α level was also not significant in PMD group, suggesting tumor cells to be source of TNF-α in OSCC, which may probably rise the level in saliva the local environment for the oral carcinoma tissue. But this needs to be prooved by further laboratory investigation.
Finally, this study proves salivary TNF-α to be a potential biomarker for optimal diagnosis of OSCC and identification of such early changes may be useful in selecting patients for early interventional therapies. On the other hand, the level of this marker has to be assessed in other oral inflammatory disorder as well; this is one of the limitations of the study. Though earlier reports have shown significant difference in TNF-α with inflammatory disease and OSCC, this has to be confirmed in large population for considering TNF-α as a screening/diagnostic marker at clinics for routine use.
